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(54) Method for protecting electronic circuit components and aseembliee using a metallized 
flexible enclosure 



(57) An assembly for protecting th s active el ectronic 
components of an electronic product from the environ- 
ment and electromagnetic interference (EMI). A method 
is described where the assembly is formed by.providing 
a metallized flexible enclosure around the electronic 
product, such as a printed circuit board, and subse- 
quently sealing the melaltized flexible enclosure, such 
that separable connectors can be readily accessed with- 
out violating the integrity of the seal. The metallized flex- 
ible enclosure includes multiple layere of polymeric ma- 



terials that provide diffusion barrier properties and a me- 
tallic layer that provides both diffusion barrier properties 
and EMI shielding capabilities. The multiple layer sheet 
is patterned to optimize the diffusion barrier properties- 
and EMI shielding capabilities. Further, the multiple lay- 
er sheet enables efficient, high volume production. 
Thus, electronic products can be provided with an as- 
sembly having an environment protection capability and 
EMI shielding capabiiity amenable to reliable and cost 
effective high volume production. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The invention relates, in general, to an assembly 
using an enclosure lor providing long-term environmen* 
tal protection of and electromagnetic interference 
shielding capability for electronic devices. 

2. Related Art 

11 Is well known lo those skilled In the art that the 
contents of a package can be protected from the envi- 
ronment by packaging the contents within an enclosure 
comprising multiple layer polymeric sheets with at least 
one metallized layer. Many examples oi protecting the 
contents of the package can be found in the food 
processing industry, the medical industry, the construe* 
lion industry, and the like. 8ask:al>y, protecting products 
from atmospheric gases, water vapor or radiation to pre- 
vent spoilage or corrosion of the contents is universally 
empk}yed for a wide range of products. As a result, the 
materials used for the multiple layer construction and 
composition of the package have been well developed. 

Similarly, a printed circuit board (PCB) including 
components such as integrated circuits (ICs) is subject 
to degradation from environmental factors such as cor- 
rosive gases, water vapor and particulate matter. Elec- 
tronic products using PCBs have primarily been located 
and used in controlled environments where the degree 
of environmental degradation to the PCB Is minimal. 
However, electronic products are increasingly being de- 
ployed in uncontrolled environments, such as in the au- 
tomotive and telecommunications industries. Further- 
more, electronic products are increasingly penetrating 
the consumer market where the ability to produce relia- 
ble devices using low-cosl and high volume manufac- 
turing methods is of paramount importance. Thus, there 
is a need to derive methods for providing environmental 
protection for electron^ products using low-cost and 
high volume manufacturing methods. 

Conventional methods for protecting electronic 
products from degradation due lo environmental factors 
include rigid enclosures and encapsulation. Rigid enclo- 
sures may be fabricated from metal or plastic and are 
gasketed to minimize ingress ol corrosive gases, dust 
and water vapor, as well as, to provide an electromag- 
nets interference (EMI) shielding capability. While ef- 
fective to a certain extent, diffusion of these species is 
difficult to prevent and under certain conditions even ex- 
acerbated. Expensive gaskets and other sealing meth- 
ods are required to provkie adequate environmental 
protection. Thus, rigid enclosures are generally ade- 
quate for protecting powered electronic products over 
the period of several years only when properly designed 
and when expensive precautions are taken. 



Enc^sulation ol electronfc components in terms of 
electronic packaging is a foundation of the semiconduc- 
tor Industry. However, conformal coating of the PCB or 
sub-assembly with, for example, a urethane or silicone 
compound is not capable of providing long-term envi- 
ronmental protection. Polymeric material compounds 
can provide a diffusion barrier to chemical species. In 
practice, however, cracking, incomplete coverage, en- 
vironmental impact, and cost are issues impacting en- 
vironmental protection of electronic components using 
urethane or silicon compounds. Also, the expense re> 
quired for specific component and fixture design for 
large electronic products that rapidly change can nega- 
tively effect high production volume encapsulation pro- 
duction. 

In additk^n to environmental protectk^n. many elec- 
tronic products that are depksyed in aggressive outside 
environments require EMI shielding. Not only must the 
electronic product not be influenced by external EMI ra- 
diation, but the electronic product must not radiate ex- 
cessive amounts of EMI radiation. For many electronic 
products, particularly in the wireless domain, EMI 
shielding must be provided not only at the component 
level ol a subassembly, such as between certain re- 
gtone of a PCB, but also at the sub-assembly (circuit 
board) and electronic product level. To accomplish ef- 
fective EMI shielding of an electronic product or be- 
tween sub-assemblies within the product, it is necessary 
to provide shielding plates, separate devices and en- 
sure that all joints of an encbsure are oonductlvely 
sealed. Generally^ the most cost effective EMI shielding 
and environmental protection of electronic products has 
been to house the product within a metal or metallized 
enckssure (for example, a oonductlvely coated plastic 
enctosure). However, conventfonal methods lor impart- 
ing TOnductivity to the surface of plastic parts, for exam- 
ple, electrochemical plating, metal sputtering^ and the 
like, are often economically prohibitive. There is a need 
to provide EMI shielding capability for electronic prod- 
ucts in a manner thai is both tow-cost and amenable to 
high volume production. 

Conventionally, multiple layer enclosures consist- 
ing of a metal foil or a metallized polymer sheet can be 
used to provide EMI shielding of electron k; products. 
Such multi-layered enclosures are disclosed in U.S. 
Patents Nos. 4.965,408 and 5,005.106 and incorporat- 
ed herein by reference. A multiple layer enclosure in- 
cluding conductive fibers Is disclosed in U.S. Patent No. 
5,436,603 and herein Incorporated by reference. Helat- 
ed constructs of multiple layer enclosures for the pur- 
poses of providing static protectkxi of electronic devices 
are disclosed in. for example. U.S. Patents Nos. 
5,180,615, 5.176,033, 5.091.229 and 5.043.195 and in- 
corporated herein by reference. Thus, the constructkxi 
and composition of enclosures for provkling tx)th envi- 
ronmental protection and EMI shielding capability are 
well known to those skilled in the art. 

Furthermore, the application of enclosures formed 



16 



20 



30 



3S 



40 



46 



60 



2 



- 2 - 



, 3560Q204 B\mM 



m 



EP0802 710 A2 



from sheets of material consisting of polymeric and met- 
aiUzed layers, to impart EMI shielding capability, is 
known in the art. Application of these enclosures for EMI 
shielding of printed circuit board products is disclosed, 
for example, in U.S. Patents Nos. 5.436.803 and 
5,005.106 and incorporated herein by reference. 

However, it is evident from the examination of these 
disclosures, that the method of sealing and providing for 
electrical intercorviection is specific to the design of the 
electronic product, and in particular, to the design of the 
connector. Thus, the related art is directed toward ena- 
bling assembly to printed circuit boards with extended 
wires or to printed circuit boards with edge-card or con- 
nectors that extend across an entire dimension of the 
printed ciicuit board edge. 

Moreover. In both U.S. Patents Nos. 5.436.803 and 
5.005,108. for example, the purpose of the enclosure is 
to provide EMI shielding in a flexible structure does not 
accommodate separable connectors. Furthermore, the 
related art does not address providing a hermetic seal 
to ensure long-term environmental protection of the 
electronic product, does not address the design of the 
flexible enclosure and does not address an appropriate 
sealing method to provide the hermetic seal. Typically, 
hermeticity is defined as a helium leak rate of not more 
than 1 X 10^ cm^/sec. Here, we use the term to generally 
define very low permeability. In addition, the metallized 
layer of the enck^ure is usually exposed on either the 
inner or outer surfaces of the enclosure to effect ground- 
ing or enhance conduction. However, in harsh environ- 
ments, exposed metal surfaces will corrode. 

Thus, it would be advantageous to provMe a met- 
allized flexible eru:k)sure and a method for providing 
t>olh tong-term enviionmental protection and EMI 
shielding of electronic products that is cost effective, 
amenable to high volume production and is suitable for 
use with separable connectors. 

SUMMARY OF THE INVENTION 

An object of the inventkan is to provkJe a metallized 
flexible enclosure for tong-term environmental protec- 
tion and EMI shielding of an electronic product. Another 
object of the invention is to provide a metallized flexible 
enclosure for an electronic product including a multiple 
layer sheet of material with at least one metallic layer 

Another object of the invention is to provkfe a meth- 
od for long-term environmental protection and EMI 
shiekiing of an electronic product that Is both cost effec- 
tive and amenable to high vohime production. 

Still another object of the invention is to provide a 
method for assembly of a multiple layer flexible enclo- 
sure to an electronic product that incoiporates separa- 
ble connectors. 

Another object of the invention is to connect the 
metallized layer directly to the electrical ground of the 
PCS circuit. 

To achieve these and other objects, the invention is 



directed to a metallized flexible endoswo made from a 
multiple layer sheet of material. The multiple layer sheet 
of material includes at least one polymer^ layer forming 
an outer surface of the enclosure for providing diffusion 
s barrier properties, at least one metallb layer adjacent to 
the polymeric layer for providing electromagnetic radia- 
tion shielding properties and an electronicaliy Insutatbig 
adhesive layer forming an inner surfeiceof the enclosure 
for bonding the enck>sure to the electronic device. The 

10 enctosure Is hermetically sealed to the electronk: prod- 
uct, assembly or PCB to provide long-term environmen- 
tal protection. The enclosure also connects the metatik: 
layer of the multiple layer sheet of material to the elec- 
trical ground of the electronic product or assembly 
Thus, environmental protectbn and EMI shiekiing of the 
electrons components of the PCB Is performed white 
enabling access to the PCB's separable connectors. 

The invention is also directed to a method for pro- 
viding long-term environmental protectwn and electro- 

20 magnetic interference shielding of an electronic device 
having electronic components and separable connec- 
tors. The method can include the steps of (i ) provkling 
a multiple layer sheet of nr^terial having at least one me- 
tallic layer. (2) forming the sheet of material in to a tubular 

2S structure. (3) inserting a PCB having electronic compo- 
nents into the tubular structure formed from the sheet of 
material. (4) indexing and positioning the PCB such that 
the separable connectors are positksned under open- 
ings in the sheet of material. (5) exposing the separable 

^ connectors through the openings in the sheet of mate- 
rial. (6) compressing the tubular structure against the 
PCB to form an adhesive bond between the sheet of 
material and the PCB, (7) connecting the metallic layer 
of the enclosure to the electrical ground of the PCB. (8) 

^ crimping or connecting the edges of the sheet of mate- 
rial to form a metallized flexible enck>sure. and (9) her- 
metically sealing the enclosure. 

Using the above-described method, an assembly 
using the metallized flexible enctosure provkles long- 

^ term environmental protectton and EMI shieteling while 
surrounding the electronic components and maintaining 
access to the separable connectors. 

These and other aspects and advantages of the in- 
vention are described or apparent from the following de- 

4S tailed description taken In conjunction with the annexed 
drawings. whu:h disclose preferred embodiments of the 
invention. 
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BRIEF DESCRIPTtON OF THE DRAWINGS 

The invention will be described with reference to the 
following drawings in whk:h tike reference numerals re- 
fer to like elements and wherein: 

FIGtJBE 1 shows the metallized flexible enck)6ure 
and an electronk: device according to a preferred 
embodiment of the lrtventk»i: 
FIGURE 2 is a cross sectional view along plane II- 
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II of Figure 1; 

FIGURE 3 Is a cross sectional view along plane III- 

III of Figure 1; 

FIGURE 4 is a planar view of the multiple layer 
sheet of material according to an embodiment of the 
invention; 

FJGURE 5 Is a cross sectional view of the multiple 
layer sheet of material of Figure 4; 
FIGURE 6 is a cross sectional view of the multiple 
layer sheet of material of Figure 4; and 
FIGURE 7 is a cross sectional view of the metallized 
flexible enclosure and an electronic device after as- 
sembly using the preferred method of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Generaiiy, the invention is directed to an assembly 
including a metailized flexible enclosure that surrounds 
and attaches to an electronic product to provide long- 
term environmental protection and EMI shielding capa- 
bility. Figures 1 . 2 and 3 show the assembly 5 according 
to a preferred embodiment of the invention. 

In Figure 1. the assembly 5 includes an electronic 
assembly including a printed circuit board (PCB) 10 hav- 
ing detachable or separable connectors 20. Separable 
connectors 20 include, for example, press-fit pin inser- 
tion and threadedly engaged male/femaie connectors. 
Non^eparable connectors are permanently attached 
connectors, for example, soldered wire leads or adhe- 
sively joined connectors to a circuit board. Further, the 
PCB 10 can be fabricated using conventional methods. 
A metallized flexible enclosure 50 is sealed both around 
a perimeter area 30 and to a PCB area 60 surrounding 
the separable connectors 20 to form a substantially her- 
metic seal. The perimeter area 30 and the PCB area 60 
are such that a metallic layer 52 (Figure 5) within the 
multiple layer enclosure 50 forms an electrical connec- 
tion at the perimeter area 30 and the PCB area 60. A 
provision is made for an electrical connection to an ex- 
posed grounding pad 40 on the PCB area 60. Openings 
70 in the metallized flexible enclosure 60 enable the 
separable connectors 20 to extend through the metal- 
lized flexible enclosure 50 to facilitate interconnection 
access. 

The metallized flexible enclosure 50 is bonded to 
the PCB 10 at bonding areas 75 immedteitely surround* 
ing the separable connectors 20 or over the entire PCB 
area 60 to provide an environmental and hermetic seal. 
To enhance EMI shielding capability, the bond surround- 
ing the separable connectors 20 can be made such that 
an electrtcai connection is made between the metallic 
layer 62 (Figure 5) wtthin the metallized flexible enclo- 
sure 60 and the bonding areas 76 that eurround the sep- 
arable connectors 20. This can be accomplished by a 
conductive adhesive as explained below or the like. Al- 
ternatively, other adhesive materials and composites 
can be used that are laminated or printed onto the mul- 



tiple layer metallized flexible enclosure 60. Likewise, 
mechanical fasteners or other metal bonding methods 
can be empk>yed. 

Figure 2 shows a cross-sectional view ol the en- 

5 ck>8ed PCB 10 across the plane 11-11 through the assem- 
bly 5 as shown in Figure 1 . In this embodiment, the met- 
allized flexible enclosure 50 surrounds the PCB 10 and 
fite loosely over the internal components 11. As dis- 
cussed below, the enclosure 60 can also be assembled 

10 to confo rm to the topography of the internal components 
11. 

Figure 3 shows a cross-sectional view of the as- 
sembly 5 across the plane Ill-Ill intersecting the sepa- 
rable connectors 20. The metallized flexible enclosure 
15 50 Is shown to be bonded to the PCB 10, both in the 
k)cation immediately adjacent to connectors 61 , and al- 
so over the PCB area 60 extending the width of the PCB 
10. 

The detailed structure of the metallized flexible en- 
closure 50 is shown in Figures 4. 5 and 6. The enclosure 
50 is formed, preferably by laminatirtg multiple layers 53 
and 54 of polymeric materials selected for various de- 
sired barrier properties to the pertinent environmental 
threats, such as corrosive gases and water vapor. Pol- 
ymeric materials such as polyethylene, ionomers such 
as SURLYN(B>. potyvinylidene chtoride, and polyethyl- 
ene terepthalate (PET), can be used. Further, one 
skilled in the art can appreciate that additional layers 
such as 56 and 57 of polymerk^ materials can be incor- 

^ porated to address specific environmental threats, 
physical integrity orfor nwiufacturing efficiency. The in- 
ner polymeric layer 54 preferably is an electrically insu- 
lating thermoplastic material such as polyethylene that 
can also be heat scalable. Other apprc^riate materials 

3S well known to those skilled tn the art can also be used. 
This prevents inadvertent electrical connectkxi ol com- 
ponents within the sealed enclosure. 

In additkm to the polymeric layers 53, 54, 56 and 
57, the metallized flexible enclosure 50 Includes at least 

^0 one metallic layer 62 disposed within the metallized flex- 
ible enclosure 50. The metallic layer 52 provides both a 
barrier to diffusion of the environmental threats, such as 
corrosive gases and water vapor, and it also enables 
EMI shielding tor the PCB 10 and Internal components 

45 11 (Figure 2). To provide adequate diffusion barrier 
properties, the metallic layer 52 should be substantially 
. free of pin holes and provkf e a substantially impermea- 
ble diffusion barrier. For this reason, the metallic layer 
52 is preferably a laminated foil with a thickness greater 

so than 0.35 mils. Attemativety. a metal film can be depos- 
ited on the surface of the polymer layers by. for example, 
evaporation methods and other means known to those 
skilled in the art For this applteatton, the quality of the 
metal layer with respect to the diffusion barrier proper- 

^ ties is more important than the absolute thickness of the 
metal layer. For reference, a 1.5 mil thick foil of alumi- 
num is considered to provkle a substantially imperme- 
able diffusion barrier. 
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To provide additional diffusion barrier and £M\ pro- 
lection* more than one metailic layer may ba incorporat- 
ed into the nietalfized flexible enclosure 60. The metallic 
layer 52 preferably is n\ade from aluminum because of 
its low cost and wide availability. However, it should be 
understood that other electrically conductive metals 
such as copper, nickel, or the like, can also be used. 

In Figures 4^ 5 and 6, the outer polymeric layer 53 
adjacent to the metallic layer 52 can be patterned to ex- 
pose specific areas of the metallic byer 52. Exposing 
areas of the metallic Iayer52 enables formation of a met- 
al-to-metal contact for provkling both enhanced diffu- 
sion barrier properties and EMI shielding capabilities 
the metallized flexible enclosure 50. It is envisioned that 
the metallic layer 52 can be exposed In the following lo- 
cations: 1) opposed sides 68 of the metallized flexible 
enclosure 50. 2) in a region 71 adjacent to the separable 
connectors 20, 3) in intermittent or continuous areas 59 
along opposed sides of the metallized flexible enctosure 
50. and 4) at the location of the grounding pad 42 on the 
PCB 10. However, one skilled in the art can appreciate 
that the invention is not limited to exposing the metallic 
layer 52 in only the regk)ns mentk)ned above and that 
the invention can be practiced by exposing the metallic 
layer 52 at other local k)ns. 

The locations for exposing separable connectors 20 
can be formed by, for example, punching out the open- 
ings 70 in the polymeric layers 53» 54, 56 and 57 and 
metallic layer 52 and subsequently laminating the pat- 
terned polymeric layers 53, 54, 56 and 57 against the 
metallic layer 52 of the metallized flexible enclosure 50. 
Also, the openings 70 can be formed by cutting appro- 
priate holes with a die prior to formation of the metallized 
flexible enclosure 50 into a tubular structure. Alterna- 
tively, the polymeric surface film can be printed onto the 
appropriate locatbns using a liquid adhesive that is sub- 
sequently dried or cured in a well known manner. 

Although Figure 4 shows a single metallized flexible 
enclosure 60. it is possible thai the method for assem- 
bling the metallized flexible enclosure 50 can be en eco- 
nomical semi-continuous process. Specific methods for 
fabrication of the metallized flexible enclosure 60 and 
expedients for providing the openings 70 in a semi-con- 
tinuous process are well known to those skilled in the art. 

A method for providing the assembly 5 according to 
the preferred embodiment of the invention will now be 
described. 

Referring now to Fig. 7, the metallized flexible en- 
closure 50 Is first formed as a tube and the electronic 
device including the PCB 1 0 and the separable connec- 
tors 20 is inserted into the tube. As shown, the metal- 
lized flexible enclosure 50 comprises three layers: 1 ) the 
inner polymer layer 54. 2) the embedded metalitc layer 
52» and 3) the outer polymer layer 53. As previously de- 
scribed, the polymer layers 53. 54 Include polymeric ma- 
ter^l that can be formed into a seal at the perimeter area 
30 and the PCB area 60. For example, the inner polymer 
layer 54 and the outer polymer layer 53 can both be 



made of a thermoplastic or other material that is heat 
scalable. Alternatively, the adhesive may be pnnted on- 
to the surface of the multiple layer sheet. The polymer 
layers 53, 54 can also be electrically insulating, thereby 
5 preventing the metallized layer 52 from forming an un- 
wanted electrical connectnn to external or internal 
parts, for example, the active electronic circuitry on the 
PCB 10. 

Next, the layers 52, 53 and 54 of the metallized flex- 

w enclosure 50 are directly bonded along seam 80 by 
thermal bonding to form both a metallic bond and a pol- 
ymeric seal to provide a complete EMI shielding capa- 
bility and a hermetic seal. Alternatively, the metalitc 
bond at the seam 80 can be formed by thermal or ultra- 
sonic bonding with compression. The polymeric seal 
can also be formed by thenmal compression. In addition, 
corrugation can be incorporated to enhance the metallic 
bond strength and the metat-to-metdl contact of the 
seam 80. The wkith of the seam 80 is selected to provide 

20 the desired performance. One skilled in the art can ap- 
preciate that alternative bonding locations and schemes 
can be used. 

Then, seals in the perimeter area 30 (Figure 1) at 
the ends of the metallized flexible enck>sure 50 are also 

2S formed by similar methods to those descri b ed above for 
the seam 80. Electrical contact of the metallic layer 52 
can be performed by mechanically connecting the me- 
tallic layer 52 duringthe bonding process or by exposing 
openings In the sides 58 and the areas 59. for example. 

30 in the surface of the inner polymeric layer 54. The spac- 
ing and dimensions of the openings in the sides 68 and 
the areas 59 are determined by the Ei\^l shielding capa- 
bility requirements. To enhance EMI shielding capability, 
it is desirable to have a continuous metal-to-metal seal 

^ around the perimeter of the flexible enclosure. Also, 
electrical contact between the melallk; layer 62 and the 
PCB electrical grounding pad 40 is provided by the ra- 
gkin (opening) 42 in the inner polymeric layer 54 within 
the flexible enclosure 50. 

40 Next, the electronic device is indexed and posi- 
tioned such that the separable connectors 20 are situ- 
ated under the respective openings 70 in the metallized 
flexible enck)sure 50. In the preferred embodiment of 
the invention, the sides of the tubular structure are then 

4S pulled outward to cause the connectors 20 to extend 
through the openings 70 in the metallized flexible enclo- 
sure 50. A heated platen (not shown) with cavities ena- 
bling recesston of the separable connectors 20 presses 
against the metallized flexible enclosure SO. and com- 

so presses the metallized flexible enctosure 50 against the 
PCB 10 to form the adhesive bond. Al the same time, 
the electrical connection between the metallic layer 52 
and the grounding pad 40 can be made by thermal com- 
pression bonding, mechanical fastening, by using acon- 

55 ductive adhesive or the like. Then, the ends of the tube 
are crimped and sealed, as previously described, to 
Conn the metallized flexible enclosure 50. 

Rather than have the metallized flexible encloeure 
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60 fit loosely around the electronic product, tt may be 
desirable 1o have the metallized flexible enclosure 50 
conform to the shape of the internal components 11. 
Vacuum lamination with a heated bladder or compress- 
I'ble material can cause the metallized flexible enclosure 
50 to press against the internal components 11. During 
the sealing process, the metallized flexible erwiosure 50 
can also be backfilled with an inert gas, such as nitrogen 
gas. or with dry air to provide non-corrosive atmospheric 
conditions for the internal components 11. ft n«y also 
be desirable to remove ambient air using a vacuum to 
vacuum pack the components an&or outgassing the 
electronic product prior to sealing the metallized flexft)le 
enclosure. 

In Figure 7. the inner polymer layer 54 of the met- 
allized flexible enclosure 50 is thermally bonded to 
cause the inner polymer layer 54 to meit directly lo the 
PCB 10 at the PCB area 60 (Figure 1) along the edge 
of the PCB 10. However, it is envisioned that other ad- 
hesive systems and methods can be employed. For ex* 
ample, a heat sensitive adhesive material can be ap* 
piled either to the metallized flexible enclosure 50 on top 
of the inner polymer layer 64, or an adhesive can be 
applied to the PCB 10 at the appropriate bonding bca- 
tion. Allemativeiy. it may be preferable to bond the met* 
allized flexible enclosure 50 to the PCB 10 at locations 
adjacent to the connectors 61 rather than over the entire 
PCB area 60. Furthermore, one skilled In the art can ap- 
preciate that the metallized flexible enctosure 50 can be 
bonded to the PCB 10 at other locatbns not discussed 
above. 

The heat generated by the electronic product can 
be essentially contained within the metallized flexible 
enclosure 50. Asa result, the ambient temperature with- 
in the metallized flexible enclosure 50 will increase. The 
temperature within the metallized flexible enck>sure 50 
can be controlled lo prevent adversely affecting the 
electronic components. In addition, the thermal gradient 
between the inside and outside of the flexible enclosure 
50 can serve as an additional positive impediment to the 
ingress of contaminants, such as waler vapor. In situa- 
tions where excessive heat is a concern, mechanisms 
for efficiently removing the heat can be used. For exam- 
ple, a heat sink (not shown) situated external to the met- 
allized flexible enclosure 50 can be attached to and 
compressed against a heat generating component on 
the PCB 10. Alternative^, the metallized layer 52 can 
be exposed as previously discussed to facilitate heat 
transfer either with or without a heat sink. Thus, the met- 
allized flexible enclosure 50 provides a substantially 
permanent and inviolable containment for the PCB 10 
and internal components 11 of assembly 5. As such, the 
metallized flexible enclosure 50 provktes long-term or 
product lifetime environmental and physical protection 
for the PCB 10 where the only access to the PCB 10 
and the internal components 11 is the separable con- 
nectors 20. 

While the metallized flexible enclosure 50 can be 
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removed for repair or end-ot-tife processing, it is not rec- 
ommended because removal ol the metallized flexible 
enctosure 50 can compromise the long-term environ- 
mental and physical protection of the PCB 10 and the 
internal components 11. Furthermore, to ensure the in- 
tegrity of the environmental seal, it is recommended that 
mounting methods for the assembly 5 that can puncture 
the metallized flexible enclosure 50 should be avoided. 
Instead, sliding mounts or compressive mechanisms 
(not shown) are preferred methods for securing the as- 
sembly 5 to the electrical system (not shown). 

While this invention has been described in conjunc- 
tk}n with speclflc embodiments, it is evkient thai many 
altematives, modifications and variations will be appar- 
ent to those skilled In the art. Accordhgly. the preferred 
emtxxliments of this invention as set forth herein are in- 
tended to be illustrative, rather than limiting. Various 
changes may be made without departing from the spirit 
and scope of the invention as defined in the following 
claims. 



Claims 



1. An electronic assembly, oorr^ristng: 



a printed circuit board (PCB) including compo- 
nents, an electrical ground and separable con- 
nectors; and 

a metallized flexible enclosure for containing 
the PCB. the metallized flexible enclosure com- 
prising, 

layers of polymeric material, 
at least one metallic layer electrically connect- 
ed to the electrical ground of the PCB, and 
openings that allow the separable connectors 
of the PCB to extend through the metallized 
flexible enclosure, 

wherein the metallized flexible enclosure is her- 
metically sealed, the metallized flexible enclo- 
sure including an environmental protectKin ca- 
pability and an electromagnetic interference 
shielding capability while enabling mechanical 
access to the separable connectors. 



A metallized flexible enctosure providing environ- 
mental protection and electromagnetic interference 
shielding of an electronic circuit having electronic 
components and separable connectors, the metal- 
lized flexible enclosure comprising: 

a plurality of layers of polymeric material for 
providing diffusion barrier properties to the met- 
allized flexible enclosure, wherein the metal- 
lized flexible enclosure is hermetically sealed 
by at least one of the plurality of layers of poly- 
meric material; 

at least one metallic layer of for example alumi- 
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num disposed between the plurality of poiymer- 
ic layers for providing diffusion barrter proper- 
ties and electromagnetic Interference shielding 
capabilities to the metallized flexible enclosure; 
wherein the metallized flexible enclosure pro- 
vides environmental protection and electro- 
magnetic interference shielding to the electrical 
components while enabling mechanical access 
to the separable connectors. 

3. The assembly according to claim 1 , wherein th e me- 
talJic layer is disposed between an electrically insu- 
lating inner polymeric layer and an outer polymeric 
layer of the metallized flexible enclosure. 

4. The assembly according to claim 3. wherein the in- 
ner polymeric layer adjacent the metallic layer is 
patterned to form a hermetic seal and 1o expose the 
metallic layer which enables the metallic layer to 
electrically contact the electrical ground. 

5. The enclosure according to claim 2. further con^ 
prising openings for exposing the separable con- 
nectors. 

6. The assembly of claim I or the enclosure of claim 2, 
wherein the metallic layer is substantially free of pin 
holes and provides a substantially impermeable dif- 
fusion barrier. 

7. The enclosure according to claim 2. wherein one of 
the plurality of layers comprises an electrically in- 
sulating inner layer capable of being adhesively 
bonded to the electronic device and exposing the 
at least one metallic layer. 



10 



15 



20 



2S 



30 



connecting the metallic layer to a circuit ground 
of the PCB: 

forming a metallized flexible enclosure by 
crimping or connecting the sheet of material; 
and 

sealing the metallized flexible enclosure to form 
a hermetic seal, 

whereby the metallized flexible enclosure pro- 
vides environmental protection and electro- 
magnetic interference shielding to the electron- 
ic components while providing access to the 
separable connectors. 

10. The method of claim 9. further comprising the step 
of vacuum laminating the tubular structure to press 
the tubular structure against the electronic compo- 
nents, and/or the step of backfilling the flexible en- 
closure with a gas during the sealing step. 

11. The method of claim 9, wherein the metallic layer is 
connected in the connecting step by using a con- 
ductCve adhesive. 

12. The method of claim 9> wherein the tubular structure 
is sealed in the sealing step either by using a cor- 
rugated tool, or by using heat, or by using ultrason- 
ics. 

13. The method of claim 9, wherein the metallic layer is 
connected in the connecting step by using ultrason- 
ic bonding. 

14. The method of claim 9, further comprising the step 
of folding the sheet of material over the PCB prior 
to the sealing step. 



8. The enclosure of claim 2, wherein the layers of pol- 
ymeric material are made of at least one member 
of polyethylene, ionomers, polyvinylidene chloride 
and polyethylene terepthalate. 40 

9. A method for protect ing an electric assemb ly includ- 
ing a printed circuit board (PCB) having electronic 
components and separable connectors, comprising 
the steps of: 4S 



fonning a sheet of material into a tubular struc- 
ture the sheet of niaterial Including at least a 
metallic layer; 

inserting the PCB into the tubular structure; 
indexing and positioning the PCB such that the 
separable connectors are positioned under 
openings in the tubular structure; 
exposing the separable connectors through the 
openings in the tubular structure; 
compressing the tubular structure against the 
PCB to form an adhesive bond between the tu- 
bular structure and the PCB; 
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